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This invention relates to the extrusion of thermoplastic 
material. More speci?cally, this invention relates to a 
method of and apparatus for the extrusion of thermo 
plastic material to form shaped articles which are free of 
undesirable melt fracture, ?sh scaling and other such un 
desirable characteristics which are normally attributed to 
die entrance, surging phenomena. 

Die entrance, surging phenomena, manifested in ex 
truded products by such characteristics as melt fracture 
and ?sh scaling, is a term which is commonly used to de 
?ne the irregular ?ow of thermoplastic material in an ex 
trusion die. Irregular flow is accentuated whenever the 
rate of extrusion is increased which in turn results in more 
severe melt fracture and ?sh scaling in the extruded 
product. 

Melt fracture is manifested, in the extruded product, by 
visible irregularities and ?ssures at the surface and in the 
body thereof. Fish scaling is a descriptive term which is 
used to de?ne the visible surface characteristics of the ex 
truded product. 
As a result of the problems occasioned by die entrance, 

surging phenomena, a rather large number of thermoplas 
tics such as polyethylene, polyvinyl chloride and the like 
have been found to be unsatisfactory for use in high speed 
extrusion operations. Previous attempts to eliminate or to 
substantially minimize the effects of die entrance, surg 
ing phenomena, with respect to thermoplastics previously 
named as well as to thermoplastics in general, have been 
directed, primarily, to a modi?cation of the thermoplastic 
which is to be extruded. As an illustration, properties of 
thermoplastics such as density, molecular weight distri 
bution and melt index have been altered in an attempt 
to eliminate or to substantially minimize die surging, en 
trance phenomena. 
The present invention provides a method of and an 

apparatus for the production of extruded thermoplastic 
articles which are free of undesirable melt fracture, ?sh 
scaling and the like. In addition, the present invention pro 
vides for the extrusion of thermoplastic material, in gen 
eral, without the necessity of modifying the properties 
thereof, to form extruded products which are free of the 
undesirable characteristics previously described. Further 
more, the present invention makes it possible to success 
fully extmde thermoplastics, which previously could not 
be extruded at a practical rate without development in 
‘the extruded product of undesirable melt fracture and ?sh 
scaling. Also, as another advantage of the present inven 
tion, it eliminates undesirable swelling of the extrudate. 

Further advantages of the present invention are ap 
parent from the following description taken in conjunc 
‘tion with the accompanying drawing wherein there is 
shown in FIGURE 1 a cross-sectional view, in elevation, 
of one embodiment of the apparatus, i.e., the extrusion 
die, of this invention and in FIGURE 2 an enlarged 
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fragmentary view of the die ori?ce and 
way of the extrusion die of FIGURE 1. 

Referring now to the accompanying drawing, the ex 
trusion die 2‘ comprises three main functional sections, 
those being a die head 1, a die body 3 and a die insert 
5, which are secured, one to another, by any suitable 
means, as for example, bolt assemblies 7. 

Extrusion die 2 is mounted over an extruder (not 
shown) ‘and receives thermoplastic material therefrom 
through means of an adapter 4 which is secured to ex 
trusion die 2 through die body 3. 
Adapter 4 has a passageway 6 through which thermo 

plastic material passes on being received from the ex 
truder (not shown). Passageway 6 of adapter 4 is in com 
munication with distributor channel 8 which is de?ned 
between the walls of die head 1, die body 3 and die in 
sert 5. Distributor channel 8, in turn, is in communica 
tion with parallel passageway 14) which is de?ned be 
tween interior parallel walls 9 and 11 of die head 1 
and die insert 5, respectively. 

In the embodiment of the drawing, the distributor chan 
nel, identi?ed by numeral 8, is shown as being de?ned by 
the walls of die head 1, die body 3 and die insert 5. Ac 
tually, the distributor channel can be any passageway 
through which thermoplastic material is supplied to the 
entrance of the parallel passageway, identi?ed by numeral 
10 in the drawing, which in turn is in communication with 
the die ori?ce of the extrusion die, identi?ed by numeral 
15 in the drawing. In order to insure a constant and suf 
?cient ?ow of thermoplastic material to passageway 10, 
the cross-sectional area, transverse to How, of distributor 
channel 8 is greater than the cross-sectional area, trans 
verse to ?ow, of passageway 10. 

In the accompanying drawing, die insert 5 is shown to 
have a conical con?guration with the interior wall there 
of 11 converging toward die ori?ce 15 and being parallel 
to interior wall 9 of die head 1. Rather than being straight 
and converging, as shown, the interior Wall of die in 
sert 5 can be of any other con?guration, as for example, 
curved. In that event, the interior wall of die body 1 
will be of a con?guration such that the passageway de 
?ned between the two and leading into the die ori?ce is 
parallel. 
The exact con?guration of the interior walls of die 

body 1 and die insert 5 are not critical, provided that 
they are parallel de?ning a parallel passageway, identi?ed 
by numeral 10 in the accompanying drawing, whose cross 
sectional area transverse to ?ow of the thermoplastic ma 
terial, progressively decreases to the die ori?ce, which is 
identi?ed by numeral 15 in the accompanying drawing. 

Die ori?ce 15, which is in communication with passage 
way 10, can be of any con?guration, provided that its 
cross-sectional area, transverse to flow of the thermo~ 
plastic material is constant and equal to the cross-sectional 
area, transverse to ?ow, of passageway ltll at a point im~ 
mediately prior to die ori?ce 15. 
With the arrangement, as described, the linear velocity 

of the thermoplastic material progressively increases in 
passageway 10 to die ori?ce 15, and in die ori?ce 15, the 
linear velocity of the thermoplastic material is equal to 
the linear velocity of the thermoplastic material in pas~ 
sageway 10 at a point immediately prior to die ori?ce 15. 
The temperature of the thermoplastic material which 

is being extruded is conveniently determined by position 

parallel passage 
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ing thermocouples (not shown) in the stream of ?owing 
thermoplastic material, generally just prior to distributor 
channel 10. The temperature of the themoplastic material 
which is being extruded is conveniently maintained at the 
desired level by band heater 12 which circumscribes ex 
trusion die 2. 
The method and apparatus of this invention can be 

utilized to produce solid as well as hollow articles from 
such thermoplastic materials as polyethylene, polyvinyl 
chloride, polystyrene, copolymers of vinyl chloride and 
vinyl acetate, copolymers of ethylene and ethyl acrylate 
and the like. 

Also, die insert 5 can have an opening for the passage 
of an electrical conductor, such as copper wire, upon 
which is extruded thermoplastic jacketing material. Die 
insert 5 can also be provided with an opening which allows 
for the passage of a gas, such as air, which is utilized to 
expand thermoplastic material, passing through the die, 
to tubular ?lm. 
The following examples further illustrate the present 

invention and are not intended to limit the scope thereof 
in any manner. 

Example 1 

Utilizing an extrusion die of the type shown in the ac 
companying drawing, polyethylene, having a melt index 
of 0.1, was continuously extruded into the shape of a solid 
rod under the following conditions. 

Extrusion temperature of thermoplastic ___° C__ 250 
Extrusion rate ________________ __\cc. per sec__ 0.12 

Die ori?ce: 
Diameter _____________________ __inch__ 0.0825 
Length _______________________ __do____ 0.26 

Spacing of parallel passageway _______ __do____ 0.0825 
Extrusion pressure __________________ __p.s.i__ 600 

The cross-sectional area of the die ori?ce, transverse to 
?ow, was constant and equal to the cross-sectional area, 
transverse to flow, of the parallel passageway at a point 
immediately prior to the die ori?ce. 
The extrudate was free of undesirable melt fracture and 

?sh-scaling. The extrudate was also free of swelling. 
In order to show the criticality of the present invention, 

die insert 5 was positioned such that the cross-sectional 
area, transverse to ?ow, of die ori?ce 15 was not equal to 
the cross-sectional area, transverse to ?ow, of passageway 
10 at a point immediately prior to die ori?ce 15. A con 
tinuous, solid polyethylene rod was then extruded under 
the conditions noted above. The extrudate was charac 
terized by severe melt fracture and ?sh scaling. The ex 
trudate was also characterized by considerable swelling. 

Example 2 

This example was conducted using the extrusion die of 
Example 1 and also under the conditions described in 
Example 1, with the exception that the extrusion rates and 
extrusion pressures were varied. 

Extrusion Rate \ Pressure Characteristics of Extrudate 

0.22 cc. per second..." 820 p.s.i.____ No noticeable melt fracture, ?sh 
sealing or swelling. 

‘0.35 cc. per second. . 1,000 p.s.i___ Do. 
10.55 cc. per second- . 1,050 psi..- Do. 
0.82 cc. per second..." 1,100 p.s.i___ Do. 

In order to show the criticality of the present invention, 
die insert 5 was positioned such that the cross-sectional 
area, transverse to flow, of the die ori?ce 15 was not equal 
‘to the cross-sectional area, transverse to flow, of passage 
way 10 at a point immediately prior to die ori?ce 15. A 
continuous, solid polyethylene rod was then extruded 
under the conditions noted above, with the exception of 
the extrusion pressures. 
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Extrusion Rate Pressure Characteristics of Extrudate 

0.22 cc. per second..." 600 p.s.i_-___ Severe melt fracture and ?sh 
scaling. 

0.35 cc. per second"-.. 680 p.s.i_.___ Do. 
0.55 cc. per second_____ 820 p.s.i___._ Do. 
0.82 cc. per sccoud_.___ 920 p.s.i_____ Do. 

In order to further demonstrate the necessity of main 
taining the walls of the extrusion die parallel, as de 
scribed, an experiment was conducted in a manner as 
described in Example 1 and using the same extrusion die 
as described in Example 1, with the exception that the 
walls did not de?ne a parallel passageway. The extrudate 
was characterized by severe melt fracture and ?sh scaling. 
What is claimed is: 
1. An extrusion die into which thermoplastic material 

is received and from which said thermoplastic material is 
discharged, said extrusion die having, in communication, 
a parallel passageway and a die ori?ce, the cross-sectional 
area of said passageway, transverse to ?ow of said thermo 
plastic material, progressively decreasing to said die ori 
?ce and the cross-sectional area of said die ori?ce, trans 
verse to ?ow of said thermoplastic material, being con 
stant and being equal to the cross-sectional area, trans 
verse to ?ow, of said passageway at a point immediately 
prior to said die ori?ce. 

2. An extrusion die into which thermoplastic material 
is received and from which said thermoplastic material is 
discharged, said extrusion die having, in communication, 
a parallel passageway and a die ori?ce, said parallel pas 
sageway converging to said die ori?ce, the cross-sectional 
area of said passageway, transverse to ?ow of said thermo 
plastic material, progressively decreasing to said die ori 
?ce and the cross-sectional area of said die ori?ce, trans 
verse to ?ow of said thermoplastic material, being con 
stant and being equal to the cross-sectional area, trans 
verse to flow, of said passageway at a point immediately 
prior to said die ori?ce. 

3. An extrusion die into which thermoplastic material 
is received and from which said thermoplastic material is 
discharged, said extrusion die having in sequential com 
munication, a distributor channel, a parallel passageway 
and a die ori?ce, the cross-sectional area of said passage 
way, transvcrse to flow of said thermoplastic material, 
"being less than the cross-sectional area, transverse to ?ow, 
of said distributor channel and progressively decreasing 
to said die ori?ce and the cross—sectional area of said die 
ori?ce, transverse to ?ow of said thermoplastic material, 
being constant and being equal to the cross-sectional area, 
transverse to ?ow, of said passageway at a point immedi 
ately prior to said die ori?ce. 

4. An extrusion die into which thermoplastic material 
is received and from which said thermoplastic material is 
discharged, said extrusion die comprising a die body, a die 
insert and die head de?ning a distributor channel which 
receives thermoplastic material and from which the ther 
moplastic material passes into a parallel passageway de 
?ned by the interior walls of said die body and die insert, 
said parallel passageway being in communication with the 
die ori?ce de?ned by said die body, the cross-sectional area 
of said passageway, transverse to ?ow of said thermoplas 
tic material, progressively decreasing to said die ori?ce 
and the cross-sectional area of said die ori?ce, transverse 
to ?ow of said thermoplastic material, being constant and 
being equal to the cross-sectional area, transverse to ?ow, 
of said passageway at a point immediately prior to said 
die ori?ce. 

5. A method of extruding thermoplastic which com 
prises progressively increasing the linear velocity of said 
thermoplastic material as it passes through a parallel pas 
sageway to a die ori?ce and in said die ori?ce maintaining 
the linear velocity of said thermoplastic material equal 
to the linear velocity of said thermoplastic material in 
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said parallel passageway at a point immediately prior to 
said die ori?ce. 

6. A method as de?ned in claim 5 wherein the thermo 
plastic material is polyethylene. 
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